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' ADST UCT 

Hea-: . tL-mperat. rc anc! profiles v/ere coa- 

otriict.e> ~Ol caSv.N o'" free coavcctio.i u>iiig the cata 
for . , iX* :ra:A a, t.uriug July a.ia Auju'it l.)56. Baseu 

>pou capr elusion for the norma liaed logarithmic wind uhear 

fir:>t . g.p::U:c.l hy Eiii:>on a*:-:.* iater relM.icu y Faaof/i;y, a 
thcorctica' formula Tor tlic Deacoi; profile aum, er as a f -nc- 
tion of Jlch.cireson nuiu.-er was ueri‘«Ov , an., .al..es of 

tlu: Deacon profile iiumi.er .eru computed. Oi.e of the para- 
iTK ters jl.tcring ii. to this i: hcoret ical form- -a is the ratio 
of the G'.. y eif 1 i.^ivit ies for heat aue aiomentum. This para- 
meter v;as, iu t rn, compiiteci from Prie::tleyV. expression 
for the . iuu ns ionle.ss heat flux for free -com ective casus. 

Iu using o :er\ed -.ine ^ata from tlie mean profile in or cr 
to verif;^ th.: th-^oretical computat ioui: of ^ , some marked 

discrepanc:’' e. occ rx*ed a ove the 100 cm level. These were, 
due to l*,co-is iXeuit ;iiiu speed readings, and it e^as necessary 
to employ co iti^oj <lata • ased on iieutral profiles to correct 
thc' ;ine pec' .. . i/l en tliis e^as oone, t ie theoretical ana 
oie-;ervce Deacon prpfiie aunf-ers were in very good agreement. 

The riter ir' deeply inucl tea to Dr. F. L. Martin 
(Professor of Meteorology) for his sugj,cstions and cont i.ru^.n.. 
help t'nrougitout ISjc investigations ana a. ring preparation 
of this paper. Special creuit is cnc profe.ssor Martin for 
his large share in cevcloping the •s.eriv at ioi.\s iii this sticly. 
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1, liitroa JCL i.ou 



The Deacon profile numoer may be cicfineu oy 



^ u, _ ^ ^ 
"^2 k 



where : 



u,,, = ine friction velocity 

k = the Von Karmann cons taut and is approximately 
equal to 0,4 






the nei^'ht above the ground 
the Deacon profile number 



An aiternative eefiaitioii of ^ v^-hlch is equivalent to 
ti:at in equation (I), provioeu ^ anu u.;, are constant 
with licigVit in any part of the surface layer, is 




Viith the use of finite uiffereiices 



the last eefiuitioii of 






implies 



in the layer 1, 2, 3, 
that an integral mean 



value is givuu uy 
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(3) 



In tne aeri atiou of equation (3;, the successive levels 
^‘i’ ^"2 *^3 tancu to ;C '’dou.-ieo** levels so that 

~ "2''"* Equation (3) aiforas a means of 

veri lying ti.e \aluo or ^ compnteci ijy othei* met nous to 
be discusseu rater . 
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where 

^ the acceierat ioii of ;;^ravity 

0 =: LUC i‘OLeatial Lemperaturc tiiv. surface 

layer 

a = U(C xjiiie spec a 

The Ricliaruson uurm.er reprc.se. iLo tae ^auro Cue ear u_en'L 
energy proaucce > ariaosj^uer ic wcyaiicy To tint prou’ cc( 
by inechauicai frj.ctiou. 

M' ilvi aaU 01 ukuo\ Liis.ro. ee a -./bi.e 

profile v;hicli has tiie form 
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flit (l rS 
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in place of the eqratioii T!1 ^^,/k ^ i^.Lc. c^>-.iies 

in strictly neutral coiiuitioas. 



In ei] nation (j)^ 0^ rs a cc^nstant es tr*warc-v . y i4o.ji.ii 
Obukhov Co I. c 0 . 6 , anci ha is Lhe Hcni.i-0 Ui...io\ scale- 



length defiaea accorain;, to the pair o£ eq ations 
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Ill (•-»), Cl.i f ai.e i. . cc^ i.c Ik at auu ocasity a I 

air, reSi>uc L ». v/c jy , auu Ktj the e^idy uiliesivity J.or iicat 



coruiuctloa, iu Uui Surface uouuc.ary layer, u,^ auu li arc 
^jcMicraliy regarded as coustaut .vitb height, aithou^;h for 
H unis coiK.itlou 1.3 i.^ore ap^^rouriate auove i meter 
l^rriestiey, * It is vveii kaov/n that ecp atlon (h) 

applies ouiy in near ncutrai couditions* Ho'.^ever, Eiiisoa 
L ^ recently s u ^,.-,e '3 cCu a more _,eneral rciatio*i- 

ship :e eq atiou ( ) l eo.. *^1 , 'uliicli covers a ..i( 



. luer 



L a c o f s u ,* in c e- -iaye r s t a i i 1 1 i e s . 

li ucri\ii\y the desircvi ti.eoreticai reiaUioiiShip , ciie 
’hioi u:a L i^'.ca" lo^ar iuiuaic ^ ^a. shear S i.as been used, d is 



uC'iinee --y 




( 7 ) 



S, L Ciiia jiU, cUi uc^iuc . ii. equations (7), (e) aac 
(-0 rcsi'cctivei} , cn*e can cerive the equation 




is tue ratio of e t\ ^.usiviticu; for heat 
aiiu .iioi.i 'Vi cinn, 




lii is tlie rjo-caii^d £ i ux Uicnarar.o u nuuucr . 

lii uen*. cquati^ou (o) oiie maizes use of tlic v.oij r^iown 



uef initio . 1 of i-he friction vciocity 
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\;1 ~ p coiiL.Lauc e.A y .'stress 

or Li:e sunaco layer, ana p is the ceasity of air. 

On tne other land, Eliisoa has desi^iiea an 

iuterpoiation lormuia for the .;ind profile whic):i fits 
Ok^servea oata unuer certain limiting conditions of sta- 
i)ility. Ills surges tea formula, after some transforma- 
tions, has the form 
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vjhere xs the ratio oi convective to raechanicai 



.-.rces of tur.niieut energy. 


hy utili 


ane (0), one obtains 
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r: I — Y ) — 1 — 


\ <0 ,5 / y 
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(iO) 
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F(jr small valics of ^./L or oi Ki , onv. can easily verify 
that eqi.ation (10) gives tne same lorui upon >«inoarial 

r 1 

expansion as that of ] e niation (j) >1 . 

L J 

From tests of numerous v;ind profiles at various 

micrometcoroio^jical sxles , Fanof sky , illackadar and 

ricVchil j i,ko0 I conciiivxv. from eqvatiou (iO) tiiat 

' X 1^*0 gives tne j.est fit., The signlfi- 

0 V 'V i\'0 

cance of tills vai^e s-iil i>e seen in Section 4, 
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I '• 



1 1 OU 



, c 1 i. 

A fiiite uxc 'Aitoacc tecnaique for o Uaiuliv; Ki at a 
level 2^]^ 7 .icar Liie niopoiat of la>er uo 
sui^^^estee hy Lettau |^aee pp. 328-329, Lettau and 
uaviusoii, i.j9> 1 , and has the fora 



where ant. 2 :- arc ’'successive oou iccl” levels, and 

'7 1 c. ^ p ■ o . i T J p r■'^^ ^ x» n 1 r- u Pi n i* _ A 1 > i t,n 1" i ri P ri 



' “ ' ‘ ^ ' 2 1 * ‘ ' 
the Iov;er i;oincary, \;hi^e iM is coasiccreu applicable at 



in unslat>ie conuitioas* 

3, The trcatinent of tee nata. 

The uata er.pio/ea /ere sciecloc from Tai>le 8*1 ana 
8/2 of the rccora ol rrojcct i/rair.i.e C/ass j Barad or ai, 



1938 \ anc: \;cre restricteu to cases of free convection. 



lias been ascu, v.here the subscript i.j refers to a 
rneasureraen t of Ui at i.3 rncters * Froui the uina eata of 
drojcct Frairic Grass, 4A cases of free convection were 
selected, and from these a composite v/uic profile was 
compute-v * The ncan. winu speeus at each ooubied level are 
listed in Taule 1„ For tiiese same Irec-coitvect ive cases. 
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w .,.1 c*" wcreci' :x^\^Ol^JCl levels (e .) hava i een c )i - 

i . ’ 

U I Cci j, 

In Yajic j^. uivrcrs \;ich an ast:erif i-'ave .een 
eotaineu ; y er.craMO .a i: ion us in- the lo^crLuh;.; of 



as tile ifieevn u V. . at v ae iab « Fox" tiie •. li..* ..‘^eeo, sirnn^e 
linear excra- c a ..ioa .)c.s L>eeu ei;>picyea; ci is is equiva“ 
j.e I'C lo ass-, a uxtiquo Io^;,ar ila.r»-.c vine pirufiie 

oxiS‘.s in la^c. xs :'C.i.ow .>0 ci;i, aaseo upon Lie o*rx of 
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L.*e xciyer yevnntvtrj.c iiioao, .iiiC i j>t.ai.c3 i.u roe- 

<-v , Co- qaicat Lo I o .: tee raw to o.. t -c p ..x-n, jsivi t ies Lee 
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TABLE !• Mean micrometooroiojica 1 ..ala o;taineu frora 44 free convective cases at saccessiv' 
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auu in cases of free coiivccUiou, has he avera^ic value 
0.^ llowc*'cr, r.iay e e.cprooscci iu i-. ^ . orm 



K„ Vh,^ J 




( 12 ) 



hy appiyiii ;3 eqiiations (-1 ) auu (10) v;ith the first forn of 
, Thus by cquaLtou (12) v.ith H,_ = 0 , the 
iciationship for eases oi free coii\ action ^.s 
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uslUii the -.ciue k - O.m for the von Xari-.au constant. 



lS-0 ;.’as 



la using eq .nation (13), ^ 

assuaeci to iioiu e::ac£iv at the level I. 4 I ir.eters, that is, 
v/i'.erc *.i = -0.ii.n/. This jrvss tiie ioiio./iii,^ results at 
z = i.4l metorr;: 

^ i v-i/>.Aa 



Hencefortn, 
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Hil TT J .oqi 






(■S v’as 


tieateu as - 


of Taoi 


e 1 ane ulic 



reiatiouship becomes 
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The ratio Is tlius ol Laiaeci as the solution of the 

cui. ic cq .:atiou (I 4 ) at aix oihcr ^eo leLric ncaa levels* 
Tabic 2 shous the \aiucb of coaq)utcc* uy equation (in) 



U 













I 






^SUP ■ 










a 



m 



« 










I 





«t- 











aL the vai.louo uuii. IcvL xcivcls us in- l.i ' coi.iputeu 
iricl?arc*.vO»i aui.u Ci' of Ta;. it' , 
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taxiiou a.,roe- 



r 1 

S.lace ianofoK'r oL ai I iJnO 201 

L. J 

nient, cn; fhe avcra^.e, usiii^ ^ ^ ~ J-8,0, this 

r 

value 01 ^ ..as assumec to hoia exacti- iu this stuuy 
at the ICvci ineiers. The iiain jus tif xcation of this 

assumption is that this iici^',ht is close tu tne ^eoractric 
mean of the height ranj,e oi tnc './iiK ic- els uiicicr invest i- 

ff 

t^ation. It turns out thac the c'noice ^ =: h' . J at i.4i 

/ 

meters, results in values of slightly ^reater than 

18. Q aho\e 1 . 1 i.iCters, but soiaen’iiat smaller belo\/ this 

/ 

level. Ho r e o v e r , \A > e a u he s e ^ \ a i u e s I la v e .. e e n p 1 o 1 1 e a 



versus lo... 



for 2!) cm 






IbOO cm, an average 



value of very close to 18.0 results. 
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ol “ layer t^eo^i-etric raeau levels, usin^ eqviatiou (l4) 
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From equation (2) the seconc terra 
is reco^juizot^ to .--e — |3 ^ Also 

different j.acioii to the normaii^ev^ 

S ~ 1 ootaia 



.itiiiu the parentheses 
upon app lying iogar itlfiiiic 
lo^^arithmic v/ind shear 
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(17) 



assuming cO .e coiistaai In the layer* 

Hence iatc^;,raLion of equation (17) iroia Zi^ to ^2 yields 

the mean value /9< for the layer ^iven i..y 

\ 




where 1^ also a function of Ri* Tnis equation is 

then the Cneoretical Q — Ri relationship. The value 

Y«‘ 

is to . e associated .;ith the geometric mean height 
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xii lli»' iay^i. i.o A[q>iica ciijii 

Lb kuimC ioiT la^er:: ..ct-:ceii successive 



uouLicu Ic.els o2 Taolu 2 at \/hicii a \alac oT Kj|/ K|.j 



in 



Since ^ := lu.4^J is li.eaceu as a conslant e'ithin 
the surface layer, equation (lii) uecoiiies 
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(H ~ ; 'f'- ^ J 




(19) 



The results Ot^taineo usiu^ this equatioii, together 
the c.ata of Table 1 arici 2, are listea in Taole 3* 
this table, the loi iuuiii^ three uificrent t} pes of 



vvith 






\aiues are 



v.'it h I 



tab a la tee a<j,ains t ele\ atiou : 

, the \-aiue resultin>-- froi.'i 
taken from Ta.^le 



equation 

2 • 



(i^) 



^ , the value resuitiaj from equation (18) 

v;i th(Kj^/ K^j) ^ = 18.0 at ail levels, so tliat 

satisfies 







(20) 
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, the value result inj froia equation (3). 

HSI _ _ 



It should be noted that 




and fi.. are in rela- 
( U- 



tively close agreement, 



occur in 



This 



lea;^t]i in Section 6, 



out some unusual ciiscrepanc ies 
difficulty is ocalt v;ith at more 



r 

u . 





uirect v.ind (aia. At the 200 cm level, the 



value 



v.'as very lov; in comparir.ou with the sirroundiu,^ 



This error occur reu because the vertical v.ii^u spcec 
increment no tween the 200 cm ana 400 cm level \7as not 



that there may have been an instrumental error at one 
or more of these levels* Hence a control cia ta table was 
mace up oy seiectin^^ data occurring at the time of a 
neutral v;ind profile , that is, \;hen the potential tempera- 
ture is is ot her m a 1 i; i t h hei^jlit, Titis usually occurs near 
sunrise and si.nset * Fourteen (14) cases have been selected 
that meet those requirements anu from these a near-neutral 
wind profile was computed, as sho.ra in Table 4, 

A perfect neutral v;ind profile v/ouid have the char- 
acteristic of constant (U 2 - u^) increments between 
successive uo.u leu levels. However, tlie \alues of 
(u^ “ Uj^) iu Table 4 inoicates that this v;as not the 
case. The lov;est three layers in Table 4 have (u 2 ** u^) 
increments v/hich are quite close to their overall mean 
of 49.6 ci:i sec This last value indicates the slope 
of the loi^arithiaic profile which exists unuer neutral 
conditions. The remaining three wino increments of 
Table 4 then iuuicate percenta^ev;ise how much the next 
three layers ceviatea from consistency with the lower 
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^ v)V. > 



hab iujoh iiici c.^o lar eaci; layer. For example, Uu.. cor- 
rect ioii iactoi 0 ,vj2^l ic Laseo oa the fact tnat tlic rreati 
wii\ci iacroiucat rLCOcoeu ib o 0,3 era sec ^ ratiier tliaa 
4:,^.b ciii sec lu arriving at tne correctea ^viau-speeu 

dif f ereiice.s of Tat.ie o, Oiu. mubt cater ’.villi the data of 
Tallies- 1 aua 4., Thus for exampie, tiie mean .^iau eificreuce 
in the layer 200 lo hOO cm is iuuicateu as do*l cia sec 
in the uoii-ae. tral case c^f Tabic x. Ho.vever, the ^aia of 
Table 4 iiidicates that this reading is ovex'es lima tea iit 
the neutral case uy liie factor 1 / 0 , 822 . Hence, the cor- 
rectec ^;ine speeo Increment applicable to the same layer 
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0,822 X 4i>.i cia sec = cm sec 



Similar correciions iaa> thcni e appliea to tiie other 
layers . 

With the correcteu wind diifcreaces obtained by this 
methou anci . iopiaye.. in Tanie b, corrected 
are then o;. taineu f rom eq..ation (3)^ au.a are 
the last row uf the table. 
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.•aiaes obcaiiieu cre ^i e t ica i iy Wuiu Lr.u'-e oi Laiueo 
uiracLly from inc correc Li-o ..'iao ^aia Lii^4.cacas that 
Che iheoiellCcil jorMUi:’-! ar su l, ia loc. . 

The average uiffcience oetween aiie 

II equal to -0*03^. './ila an rvIh>J error of 0.0J4. 
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is equal to rlh an i;MS erior ol O.Ob^j. 
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equation (19), e;;cept possieie eiou 20 cm, where uue 
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